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(54) Luminescence device and metal coordination compound therefor 

(57) A luminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The organic compound layer contains a metal coordination compound characterized by having 
a partial structure represented by the following formula (1): 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 [0001] The present invention relates to a luminescence device and a metal coordination compound therefor. More 
specifically, the present invention relates to a luminescence device employing an organic metal coordination compound 
having platinum center metal as a luminescence material so as to allow stable luminescence efficiency, and a metal 
coordination compound adapted for use in the luminescence device. 

[0002] An organic electroluminescence EL device has been extensively studied as a luminescence device with a 
10 high responsiveness and high efficiency. 

[0003] The organic EL device generally has a sectional structure as shown in Figure 1 A or 1 B (e.g., as described in 
"Macromol. Symp.", 125, pp. 1 - 48 (1997)). 

[0004] Referring to the figures, the EL device generally has a structure including a transparent substrate 1 5, a trans- 
parent electrode 1 4 disposed on the transparent substrate 1 5, a metal electrode 1 1 disposed opposite to the transparent 
15 electrode 14, and a plurality of organic (compound) layers disposed between the transparent electrode 14 and the 
metal electrode 11 . 

[0005] Referring to Figure 1 , the EL device in this embodiment has two organic layers including a luminescence layer 
12 and a hole transport layer 13. 

[0006] The transparent electrode 1 4 may be formed of a film of ITO (indium tin oxide) having a larger work function 
20 to ensure a good hole injection performance into the hole transport layer. On the other hand, the metal electrode 11 
may be formed of a layer of aluminum, magnesium, alloys thereof, etc., having a smaller work function to ensure a 
good electron injection performance into the organic layer(s). 

[0007] These (transparent and metal) electrodes 14 and 11 may be formed in a thickness of 50 - 200 nm. 

[0008] The luminescence layer 12 may be formed of, e.g., aluminum quinolinol complex (representative example 

25 thereof may include Alq3 described hereinafter) having an electron transporting characteristic and a luminescent char- 
acteristic. The hole transport layer 13 may be formed of, e.g., triphenyldiamine derivative (representative example 
thereof may include a-NPD described hereinafter) having an electron donating characteristic. 
[0009] The above-described EL device exhibits a rectification characteristic, so that when an electric field is applied 
between the metal electrode 11 as a cathode and the transparent electrode 14 as an anode, electrons are injected 

30 from the metal electrode 1 1 into the luminescence layer 1 2 and holes are injected from the transparent electrodes 14. 
[0010] The thus-injected holes and electrons are recombined within the luminescence layer 12 to produce excitons, 
thus causing luminescence. At that time, the hole transport layer 13 functions as an electron-blocking layer to increase 
a recombination efficiency at the boundary between the luminescence layer 12 and the hole transport layer 13, thus 
enhancing a luminescence efficiency. 

35 [001 1] Referring to Figure 1 B, in addition to the layers shown in Figure 1 A, an electron transport layer 1 6 is disposed 
between the metal electrode 11 and the luminescence layer 12, whereby an effective carrier blocking performance can 
be ensured by separating functions of luminescence, electron transport and hole transport, thus allowing effective 
luminescence. 

[0012] The electron transport layer 16 may be formed of, e.g., oxadiazole derivatives. 
40 [0013] In ordinary organic EL devices, fluorescence caused during a transition of luminescent center molecule from 
a singlet excited state to a ground state is used as luminescence. 

[0014] On the other hand, not the above fluorescence (luminescence) via singlet exciton, phosphorescence (lumi- 
nescence) via triplet exciton has been studied for use in organic EL device as described in, e.g., "Improved energy 
transfer in electrophosphorescent device" (D.F. O'Brien et al M Applied Physics Letters, Vol. 74, No. 3, pp. 442 - 444 
45 (1 999)) and "Very high-efficiency green organic light-emitting devices based on electrophosphorescence" (M.A. Baldo 
et al., Applied Physics Letters, Vol. 75, No. 1 , pp. 4 - 6 (1999)). 

[0015] The EL devices shown in these documents may generally have a sectional structure shown in Figure 1C. 
[0016] Referring to Figure 1C, four organic layers including a hole transfer layer 13, a luminescence layer 12, an 
exciton diffusion-prevention layer 17, and an electron transport layer 16 are successively formed in this order on the 

so transparent electrode (anode) 14. 

[001 7] In the above documents, higher efficiencies have been achieved by using four organic layers including a hole 
transport layer 1 3 of a-NPD (shown below), an electron transport layer 1 6 of Alq3 (shown below), an exciton diffusion- 
prevention layer 17 of BPC (shown below), and a luminescence layer 12 of a mixture of CPB (shown below) as a host 
material with lr(ppy) 3 (shown below) or PtOEP (shown below) as a guest phosphorescence material doped into CBP 

55 at a concentration of ca. 6 wt. %. 
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pt-OEP 



Alq3: tris(8-hydroxyquinoline) aluminum (aluminum-quinolinol complex), 

a-NPD: N4,N4'-di-naphthalene-1 .yl-N4,N4'-diphenyl-blphenyl-4,4 , -diamine (4,4'-bis[N-(1 -naphthyi)-N-phenyl- 
amino]biphenyl), 

CBP: 4 J 4'-N,N , -dicarbazole-biphenyl, 

BCP: 2,9-dimethyl-4,7-diphenyl-1 ,10-phenanthroline, 

ir(ppy) 3 : fac tris(2-phenylpyridine)lridium (iridium-phenylpyridine complex), and 

PtEOP: 2,3 l 7 J 8,12 J 13,17,18-octaethyl-21H ) 23H-porphlne platinum (platinum-octaethyl porphine complex). 



[0018] The phosphorescence (luminescence) material used in the luminescence layer 12 has attracted notice. 
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is because the phosphorescence material is expected to provide a higher luminescence efficiency in pnnciple. 
[001 9] More specifically, in the case of the phosphorescence material, excitons produced by recombination of carriers 
comprise singlet excitons and triplet excitons presented in a ratio of 1 :3. For this reason, when fluorescence caused 
during the transition from the singlet excited state to the ground state is utilized, a resultant luminescence efficiency is 
25 % (as upper limit) based on all the produced excitons in principle. 

[0020] On the other hand, in the case of utilizing phosphorescence caused during transition from the triplet excited 
state a resultant luminescence efficiency is expected to be at least three times that of the case of fluorescence in 
principle. In addition thereto, if intersystem crossing from the singlet excited state (higher energy level) to the triplet 
excited state is taken into consideration, the luminescence efficiency of phosphorescence can be expected to be 1 00 
% (four times that of fluorescence) in principle. 

[0021] The use of phosphorescence based on transition from the triplet excited state has also been proposed in, e. 
g Japanese Laid-Open Patent Application (JP A) 11-329739, J P-A 11-256148 and JP-A 8-319482. 
[0022] However, the above-mentioned organic EL devices utilizing phosphorescence have accompanied with a prob- 
lem of luminescent deterioration particularly in an energized state. 

[0023] The reason for luminescent deterioration has not been clarified as yet but may be attributable to such a phe- 
nomenon that the life of triplet exciton is generally longer than that of singlet exciton by at least three digits, so that 
molecule is placed in a higher-energy state for a long period to cause reaction with ambient substance, formation of 
exciplex or excimer, change in minute molecular structure, structural change of ambient substance, etc. 
[0024] Accordingly, the (electro)phosphorescence EL device is expected to provide a higher luminescence efficiency 
as described above, while the EL device is required to suppress or minimize the luminescent deterioration in energized 
state. 

SUMMARY OF THE INVENTION 

[0025] An object of the present invention is to provide a luminescence device capable of providing a high-efficiency 
luminescent state at a high brightness (or luminance) for a long period while minimizing the deterioration in lumines- 
cence in energized state. . 
[0026] Another object of the present invention is to provide a metal coordination compound as a matenal suitable 
for an organic layer for the luminescence device. 

[0027] According to the present invention, there is provided a luminescence device, comprising: an organic com- 
pound layer comprising a metal coordination compound having a partial structure represented by the following formula 

(1): 




(1), 



wherein each of N and C represents an atom constituting a cyclic group. 

[0028] According to the present invention, there is also provided a metal coordination compound, adapted 1 
in a luminescence device, having a partial structure represented by the following formula (1): 




(1), 



wherein each of N and C represents an atom constituting a cyclic group. 

[0029] These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0030] Figures 1 A, 1 B and 1 C are respectively a schematic sectional view of a layer structure of a luminescence 
device. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0031] In the case where a luminescence layer for an organic EL device is formed of a carrier transporting host 
material and a phosphorescent guest material, a process of emission of light (phosphorescence) may generally involve 
5 the following steps: 

(1) transport of electron and hole within a luminescence layer, 

(2) formation of exciton of the host material, 

(3) transmission of excited energy between host material molecules, 

10 (4) transmission of excited energy from the host material molecule to the guest material molecule, 

(5) formation of triplet exciton of the guest material, and 

(6) emission of light (phosphorescence) caused during transition from the triplet excited state to the ground state 
of the guest material. 

is [0032] In the above steps, desired energy transmission and luminescence may generally be caused based on various 
deactivation and competition. 

[0033] In order to improve a luminescence efficiency of the EL device, a luminescence center material per se is 
required to provide a higher yield of luminescence quantum, in addition thereto, an efficient energy transfer between 
host material molecules and/or between host material molecule and guest material molecule is also an important factor. 

20 [0034] Further, the above-described luminescent deterioration in energized state may presumably relate to the lu- 
minescent center material per se or an environmental change thereof by its ambient molecular structure. 
[0035] For this reason, our research group has extensively investigated an effect of use of the metal coordination 
compound (platinum complex) having a partial structure of formula (1) as the luminescent center material and as a 
result, has found that the metal coordination compound having the partial structure of formula (1 ) allows a high-efficiency 

25 luminescence (e.g., luminescence efficiency of at least 1 cd/W) with a high brightness (luminance) for a long period 
(e.g., a luminance half-life of at least 500 hours at an initial luminance of 100 cd/m 2 ) (i.e., a decreased luminescent 
deterioration in energized state). 

[0036] The metal coordination compound having a partial structure of formula (1 ) may preferably be represented by 
any one of the following formulas (1 -1) to (1-6): 



30 



35 



40 



45 



50 



55 



CyNl -CyN2 

^Pt^ (i-D, 
CyCl^ — ^CyC2 



CyNl\ ^CyCl 

| P< | 
CyCl^ CyC2 



CyNl^ ^CyN2 
CyCl-^ _ CyC2 



5 



EP 1 191 614 A2 



CyNl CyN2 

CyCl-^ ^CyC2 



yHlw ^CyN2 

^Pt: (1-5), 
CyCl-^ \CyC2 



CyNl\ ^CyN2 

Pt^ (1-6), 
CyCl-^ ^ CyC2 

wherein CyN1 and CyN2 independently denote a cyclic group containing a nitrogen atom connected to Pt and capable 
of having a substituent, and CyC1 and CyC2 independently denote a cyclic group containing a carbon atom connected 
to Pt and capable of having a substituent, each of the substituents for CyN1 , CyN2, CyC1 and CyC2 being selected 
from the group consisting of a halogen atom; nitro group; a trialkylsilyl group containing three linear or branched alky! 
groups each independently having 1 - 8 carbon atoms; and a linear or branched alkyl group having 1 - 20 carbon atoms 
capable of including one or at least two non-neighboring methylene groups which can be replaced with -0-, -S-, -CO-, 
-CO-0-, -0-CO-, -CH=CH- or -C-C-and capable of including a hydrogen atom which can be replaced with a fluorine 
atom. 

[0037] The metal coordination compound may more preferably be represented by the formula (1 -1 ) or the formula 
(1 -2) in order to allow further improved high -efficient luminance while minimizing the luminescent deterioration in en- 
ergized state. 

[0038] At least one of CyN1 and CyN2 in the formulas (1 -1 ) to (1 -6) may preferably be a substituted or unsubstituted 
cyclic group having a ring structure selected from the group consisting of pyridine, pyrimidine, pyrazoline, pyrrole, 
pyrazole, quinoline, isoquinoline, and quinoxaline. Further, at least one of CyC1 and CyC2 in the formulas (1 -1 ) to (1 -6) 
may preferably be a substituted or unsubstituted cyclic group selected from the group consisting of phenyl, naphthyl, 
thienyl, benzothienyl, and quinolyl. 

[0039] The metal coordination compound {platinum complex) specifically represented by the above formulas (1 -1 ) 
to (1-6) causes phosphorescence (luminescence) and is assumed to have a lowest excited state comprising a triplet 
excited state liable to cause metal-to-ligand charge transfer (MLCT* state). The phosphorescent emission of light (phos- 
phorescence) is produced during the transition from the MLCT* state to the ground state. 

[0040] The metal coordination compound according to the present invention has been found to provide a higher 
phosphorescence yield of 0.05 - 0.9 and a shorter phosphorescence life of 1 - 30 usee. 
[0041] A phosphorescence yield (P(m)) is obtained based on the following equation: 

P(m)/P(s) = (S(m)/S(s)) x (A(s)/A(m)), wherein P(m) represents a phosphorescence yield of an (unknown) objective 
luminescent material, P(s) represents a known (standard) phosphorescence yield of standard luminescent material (Ir 
(ppy) 3 ), S(m) represents an integrated intensity of (photo-)excited emission spectrum of the objective material, S(s) 
represents a known integrated intensity of the standard material, A(m) represents an absorption spectrum of an excited 
light wavelength of the objective material, and A(s) represents a known absorption spectrum of the standard material. 
[0042] The shorter phosphorescence life is necessary to provide a resultant EL device with a higher luminescence 
efficiency. This is because the longer phosphorescence life increases molecules placed in their triplet excited state 
which is a waiting state for phosphorescence, thus lowering the resultant luminescence efficiency particularly at a 
higher current density. 

[0043] Accordingly, the metal coordination compound according to the present invention is a suitable luminescent 
material for an EL device with a higher phosphorescence yield and a shorter phosphorescence life. 
[0044] In a conventional phosphorescent EL device uses the platinum-porphiline complex (e.g., PtOEP described 
above) is used as the luminescent material. On the other hand, the metal coordination compound according to the 
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present invention has a carbon-platinum bond (C-Pt bond) in its molecular structure, thus particularly effectively ex- 
hibiting a heavy atom effect of platinum (Pt) compared to the case of N-Pt bond (in PtOEP). As a result, a spin-orbit 
interaction is enhanced to realize a higher phosphorescence yield and a shorter phosphorescence life at the same time. 
[0045] Further, molecules of the metal coordination compound have a shorter time period wherein they stay in the 
5 triplet excited state, thus prolonging the life of the EL device with less deterioration. In this regard, the metal coordination 
compound according to the present invention has been substantiated to exhibit excellent stability of luminance as 
shown in Examples described hereinafter. 

[0046] In the case of phosphorescent (luminescent) material, luminescent characteristics are largely affected by its 
molecular environment. On the other hand, principal characteristics of the fluorescent material are studied based on 
10 photoluminescence. 

[0047] For this reason, results of photoluminescence of the phosphorescent material do not reflect luminescent char- 
acteristics of the resultant EL device in many cases since the luminescent characteristics in the case of the phospho- 
rescent material depend on a magnitude of polarity of ambient host material molecules, ambient temperature, presence 
state of the material (e.g., solid state or liquid state, etc. Accordingly, different fromthe fluorescent material, It is generally 
15 difficult to expect the resultant EL characteristics for the phosphorescent material by simply removing a part of char- 
acteristics from photoluminescence results. 

[0048] As a feature of molecular structure, the platinum complex has a planar structure, energy transfer of triplet 
exciton (i.e., energy transfer from host material molecule in the triplet excited state to guest material molecule) is 
performed based on electron exchange between adjacent molecules (so-called Dexter transfer). Accordingly, a degree 
20 of overlapping of electron cloud between adjacent molecules is an important factor, so that the planar (molecular) 
structure is suitable for efficient energy transfer. 

[0049] On the other hand, lr(ppy) 3 (indium-phenylpyrimidine complex) as used in the above-described conventional 
EL device has asteric octahedral coordination structure, thusf ailing to perform efficient energy transfer (Dexter transfer) 
from host material molecule. 

25 [0050] As described above, the metal coordination compound (platinum complex) according to the present invention 
is a suitable luminescent material for EL device. 

[0051] The luminescence device (EL) device according to the present invention employs the above-mentioned metal 
coordination compound in an organic layer, particularly a luminescence layer. 

[0052] Specifically, the luminescence device may preferably include the organic layer comprising the metal coordi- 
30 nation compound between a pair of oppositely disposed electrodes comprising a transparent electrode (anode) and a 
metal electrode (cathode) which are supplied with a voltage to cause luminescence, thus constituting an electric-field 
luminescence device. 

[0053] The liquid crystal of the present invention has a layer structure shown in Figures 1A to 1C as specifically 
described above. 

35 [0054] By the use of the metal coordination compound of the present invention, the resultant luminescence device 
has a high luminescence efficiency as described above. 

[0055] The luminescence device according to the present invention may be applicable to devices required to allow 
energy saving and high luminance, such as those for display apparatus and illumination apparatus, a light source for 
printers, and backlight (unit) for a liquid crystal display apparatus. Specifically, in the case of using the luminescence 

40 device of the present invention in the display apparatus, it is possible to provide a flat panel display apparatus capable 
of exhibiting an excellent energy saving performance, a high visibility and a good lightweight property. With respect to 
the light source, it becomes possible to replace a laser light source of laser beam printer currently used widely with 
the luminescence device according to the present invention. Futther, when the luminescence device of the present 
invention is arranged in independently addressable arrays as an exposure means for effecting desired exposure of 

45 light to a photosensitive drum for forming an image, it becomes possible to considerably reducing the volume (size) of 
image forming apparatus. With respect to the illumination apparatus and backlight (unit), the resultant apparatus (unit) 
using the luminescence device of the present invention is expected to have an energy saving effect. 
[0056] Hereinbelow, the metal coordination compound used in the luminescence device of the present invention will 
be described more specifically. 

so [0057] Specific and non-exhaustive examples of the metal coordination compound preferably having the above- 
mentioned formulas (1-1) to (1-6) may include those (Example Compound Nos. 101 - 267) shown in Tables 1 - 7. 
[0058] In Tables 1 - 7, abbreviations for respective cyclic groups (CyN1 , CyN2, CyC1 , CyC2) represent groups shown 
beidw. 

55 
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[0060] In the above structural formulas (Ph to Pz and Ph' to Pz'), an unconnected covalent (single) linkage extended 
in an upper-right direction is a linkage connected to platinum atom (Pt), and the other unconnected covalent linkage 
extended in an upper direction is a linkage connected to an adjacent cyclic group. 



9 



EP 1 191 614 A2 



Table 1 



5 


Ex. 
Comp, 


ForintilaJ CyNlJ CytoJ CyClJ CyC2^ 


1 


R2 


R3 


R4 




IA1 
IU1 


- > 

/ i-i \ 
i l-i ) 


Pr 

rr 


Pp 
ri 


Pfa 


Ph 


K 


U 

n 


H 


H 


10 




( i-i \ 


Pr 

IT 


Pr 


Tul 


Tnl 


H 


D 
n 


H 


H 




103 


( i-i ) 


rr 


Pp 
rr 


To2 


Ta2 


(( 


H 


H 


H 


15 




104 


/ i-i \ 


rr 


Pr 


Tn3 


Tu3 


H 


11 
n 


H 


H 




i nc 


/ i-i \ 
\ i-i / 


Pi* 

rr 


Pr 


BTol 


BTnl 


H 


u 
11 


It 


H 




Iflfl 
lUb 


v i-i / 


Pr 

rr 


Pr 


BTq2 


BTn2 


H 


U 

tl 


H 


H 


20 


107 


I 1-1 ) 


rr 


Pr 

rr 


fin 




H 


V 

n 


H 


H 




inn 
luo 




Pr 

rr 


Pr 


Qui 


Qui 


a 


u 
R 


H 


H 




f AA 
109 


\ 1-1 J 


rr 


Pr 

r r 


Qn2 


Qn2 


% H 


H 


H 


H 


25 


110 


/tit 
v 1-1 J 


Da 

ra 


ra 


Ph 


Ph 


H 


II 
n 


H 


H 




lit 
11 1 


/ i-i ^ 
V l-i J 


p« 


ra 


(lit 


TBI 


H 


It 


H 


U 




112 


\ 1-1 J 


Da 


Pa 

ra. 


Tn2 


Tn2 


H 


H 


H 


H 


30 


113 


/ i-i ^ 
\ i-i J 


Pa 

ra 


Pa 
r» 


T&3 


To3 


H 


ti 

n 


H 


\\ 




11 A 




Pfl 
ra 


Pfl 
r* 


BTnl 


BTal 


H 


H 


H 


H 






f i-i 1 


Pr 


Pa 


BTo2 


BTu2 


H 


if 

H 


H 


H 


35 


lit 


I 1-1 * 
V 11 J 


pfl 
ra 


Pa 


No 

up 


Bp 


R 


n 


H 


H 




117 
LI 1 


v i-i J 


Pa 
ra 


Pa 




Qal 


H 


n 


H 


H 


40 




118 


< 1-1 ) 


Pa 


Pa 


Qo2 


Qn2 • 


H 


H 


H 


H 




119 


( 1-1 ) 


Pi 


Pi 


Pb 


Ph 


H 


If 
n 


H 


H 




120 


'( 1-1 ) 


Pi 


Pi 


Tnl 


Tnl 


H 


H 


H 


H 


45 


121 


( 1-1 ) 


Pi 


Pt 


T»2 


To2 


H 


H 


H 


H 




122 


( M ) 


! Pi 


Pi 


To3 


Tfl3 


H 


H 


H 


H 




123 


( M ) 


Pi 


Pi 


BTnl 


BTol 


H 


K 


H 


H 


50 


124 


( l-l ) 


Pi 


Pi 


mz 


8To2 


H 


H 


N 


H 




125 


( 1-1 ) 


Pi 


Pi 


Bp 


Bp 


H 


H 


H 


(( 



10 



EP 1 191 614 A2 
Tdble 2 



Ex. 
Coitt£>. 



Fotmula 



CyNl 



CyN2 



CyCl 




CyC2 Ri R2 



R3 



R4 



w 



15 



20 



25 



30 



35 



40 



45 



50 



X 





(1-1)1 


Pi 


t}m 




Qnl 
mix 


K 


H 


H 


H 


127 


(1-1)1 


P* 


Pf 




Qn2 


H 


H 


H 


H 


m 


(1-2) 1 


Pr 


Pr 


P& 


rfl 


u 
n 


H 


H 


U 


129 


(1-2) 


Pr 


Pr 


101 


tPI 


u 


H 


H 


H 


130 


(1-2) 1 


Pr 


Pr 


TnZ 


106 


u 
n 


H 


H 


H 


131 


(1-2) j 


Pr 


Pr 


BTnl 


BTnl 




II 


II 


|| 


132 


(1-2) 


Pr 


Pr 


BTaZ 


01112 


n 




H 


H 


133 


(1-2) I 


Pr 


Pr 


*P 


Rp 


u 
n 


U 


u 


H 


134 


(1-2) 


Pr 


Pr 


Qal 


AmI 

QUI 


u 
n 


H 


H 


H 


13S 


(1-2) 1 


Pr 


Pr 


Qn2 




ll 

it 


H 


H 


H 


136 


(1-2) 


Pr 


Pr 


Qx 


Qx 


u 
n 


H 


H 


H 


137 


(1-2) 


Pr 


Pr 


VJ51 


0*1 


u 

u 


H 


H 


H 


138 


(1-2) 


Pr 


Pr 




**** 


(| 


U 


11 


H 


139 


(1-2) 


Pr 


Pr 


WU 


Cut 


H 


H 


H 


H 


140 


(1-2) 


Pr 


Pr 


UiZ 






H 


H 


H 


Ml 


(1-2) 


1 * r 


Pr 


rx 


P* 

rx 


u 


"H 


H 


H 


142 


(1-2) 


Pd 


Pd 


Pn 




u 
n 


"|| 


H 


H 


til 


\l m *i 


1 Pd 


Pd 


Tnl 


Tut 


H 


H 


H 


H 


144 


(1-2) 


Pd 


Pd 


Ta2 


7n2 


H 


ft 


H 


H 


14S 


(1-2) 


Pd 


Pd 


BTnl 


BTfil 


H 


H 


H 


H 


146 


• (1-2) 


Pd 


Pd 


RTn2 


BTfi2 


H 


H 


H 


N 


147 


(1-2) 


Pd 


Pd 


Hp 


*P 


H 


H 


H 


H 


148 


(1-2) 


Pd 


W 


QdI 


Qnl 


H 


H 


H 


H 


149 


(l-Z) 


1 M 


Pd 


<*2 




11 


H 


11 


H 


ISO 


(1-2) 


Pd 


Pd 






H 


H 


H 


H 



55 



11 



EP1 191 614 A2 



fable 3 



Ex. 
Coritp • 


Fotimlla CyNl 


Cyt?2 CyCl^ CyCjJ RlJ fe 


2 R 


i 

3 rt4 






I 


M 

ru 


Pd 




Qtl 


H 


H 


H 1 


u 




1W 


(\-9\ 1 
W *J 1 


M 


Pd 


0x2 


Qi2 


H 


H 


u 1 
i 


h 




1C1 


II *J ) 


M 

ru 


P6 

ru 


Cnl 


Cal 


H 


H 


it | 


u 

n 




1M 




Pri 
ru 


Pd 
ru 


Ca2 


Cn2 


K 


II 


1 






ICC 

155 


it n\ I 

il-Z) 1 


ru 


ru 


Pt 
rx 


Pi 


H 


H 


1 


n 




186 


(1-2) 1 


Pyl 


ryi 


ru 


Pb 


H 


K 


11 3 
it 1 


u 




167 


ft 9\ 1 


r 7> 


ryi 


Till 


Tnl 


H 


H 


H 1 


u 
ft 




158 


U Z) ] 


P»1 

ryi 


Pvl 

ryi 


Ta2 


Tn2 


H 


H 


ii 1 


11 

n 




159 


ll-Z) 1 


ryi 


n_< 

ryi 


RTnl 

D 101 


BTnl 


H 


H 


u 1 

1 


u 

n 




If A 




Dvl 

ryi 


Pvl 

ryi 


BT&2 


BTn2 


II 


H 


u I 

H 1 


tr 

H 




161 


(1-2) 


Pyl 


ryi 


Hn 
Hp 


Nd 


H 


H 


H 


a 


162 


vi-zj 


ryi 


Pv1 

ryi 


Hill 


Qal 


. H 


H 


ft 


u 

n t 


163 


ll-Z; 


ryi 


Dv1 

ryi 




Qn2 


H 


K 


H 


U 
H 


164 


\1-Z) 


Dvl 

ryi 


Dvl 

ryi 




Qx 


H 


H 


u 
H 


14 

n 


ICC 

its 




Dvl 

ryi 


Pvl 

ryi 


tkl 


Qtl 


H 


H 


u 


u 


ICC 


lit/ 


1 Pvl 
1 ryi 


Pvl 


0x2 


Qx2 


H * 


H 


n 


1 u 
1 It 


167 




1 Pvl 

1 171 


Prl 

wi 


C&1 


Oil 


H 


-H 


H 


1 w 
I 


168 


(1-2) 


I Pyi 


Pyl 


Co2 


Cn2 


H 


H 


ii 
n 


■ n 


169 


(1-2) 


J Pyl 


Pyl 


Pi 


Ps 


H 


II 


It 


1 U 
1 


170 


(1-2) 


Pa 


Pa 


Ph 


Ph 


H 


H 


H 


H 


171 


(1-2) 


Pa 


Pa 


Tat 


tnl 


H 


H 


H 


H 


172 


(1-2) 


Pi 


Pa 


7a2 


ToZ 


H 


H 


H 


H 


173 


0-2) 


Pa 


Pa 


BTnl 


BTnl 


H 


H 


If 


H 


174 


(1-2) 


Pa 


Pa 


BTn2 


BToZ 


H 


N 


H 


H 


175 


(1-2) 


H 


Pa 


Kp 


HP 


H 


H 


H 


H 



12 



EP1 191 614 A2 
T^ble 4 



w 



15 



20 



25 



30 



35 



40 



45 



50 



Ex. 

comt>. 

176 
J77 
178 
179 
180 



Fornhiia 



CyNl 



181 



182 



183 



164 



185 



186 



187 



188 



189 



190 



191 



19Z 



193 



194 



195 



196 



197 



198 



199 



200 



Cyfta J CyCl 




CyC2 Rl 



R3 



*4 



(1-2) 



{1-2) 



(1-2) 
(1-2) 



(1-2) 



(1-2) 
(1-2) 
(1-2) 
(1-2) 
(1-2) 



(l-Z) 



(1-2) 



(1-2) 



0-2) 
(1-2) 



(1-2) 



(1-2) 
(1-2) 



(1-2) 



(1-2) 



(1-2) 
(1-2) 
(1-2) 
(1-2) 
(1-2) 



Pt 



Pa 



Pa 



Pa 



Pa 



Pa 



PyZ 

PyZ 
PyZ 
Py2 

PyZ 

PyZ 

Py2 

Py2 

Py2 

Py2 

PrZ 

Py2 

Py2 

Pt 

P* 



Pa 



Pa 



Pa 



Pa 
Pa 

Py2 

w 

PyZ 
PyZ 
Py2 

Py2 

Py2 
Py2 
Py2 
Py2 
PyZ 
PyZ 
PyZ 
Py2 
Pa 
Pi 
Pt 



Qni 
Qn2 

Qt2 
CdI 
C&Z 
Pi 
Pb 
Till 
Tn2 
BTnl 
BTn2 
Up 
Qui 
QnZ 



Oil 



Cnl 



Cn2 



Pi 



Pb 



Tnl 



T«2 



Qn2 



Oil 



Qs2 



CdI 



Cn2 



Pt 



Ph 



Tnl 



TnZ 



BTnl 



BTb2 



Hp 
QdI 



Qn2 



Qx 



Qtl 



QxZ 



Cnl 



CaZ 



Pt 



Pb 



To! 



Ta2 



55 



13 



EP1 191 614 A2 



Table 5 



Ex. 
Comp. 


ForititliaJ CyNlJ Cyto^ CyCjJ CyC^J F 


1 R 


2 J r: 


J J R4 




201 


(1-2) 


Ft 


rX 


Di Hi 


BTal 


H ' 


H 


H 


n 




202 


U-2) 


Da 

rl 


P* 
rX 


BTri2 


BTnZ 


if 


K 


H 


H 




203 


(1-2) 


Fx 


to- 
rt 


Hp 


Ma 

up 


H 


H 


H 


H 




204 


(1-2) 


rl 


rX 


%7« i 


Dnl 




H 


H 


H 




205 


(1-2) 


Px 


Px 


QQZ 


Qn2 


n 


K 


H 


H 




206 


(1-2) 


Fx 


Px 


Ql 


Qx 


n 
II 


H 


H 


H 




207 


(1-2) 


Fx 


Fx 




vxi 


if 

n 


fl 


R 


R 




208 


(1-2) 


P. 


Px 


Qx2 


Qi£ 


it 


H 


11 


H 




209 


(t-2) 


P* 


Px 


Unl 


vol 


II 

n 


H 


R 


H 




210 


(1-2) 


Fi 


Ft 


Cn2 


CRZ 


ii 
n 


H 


H 


H 


211 


(1-2) 


Px 


Px 


Px 


rX 


II 
n 


H 


H 


H 


212 


(1-3) 


Pr' 


Pr* 


Dk 

rn 


Ph 

ro 


u 
n 


H 


H 


H 


213 


(1-3) 


Pd* 


nil 
Pd 


Dk 

ru 


Ph 

ru 


H 


H 


H 


H 


2U 


(1-3) 


Pjl 


ryl 


rD 


Ph 
ru 


H 


H 


H 


K 


215 


it o\ 


Pa 


Da' 

ra 


lui 


Tnl 


H 


H 


H 


H 


216 


(l-o) 


ryz 


rj£ 


lu 


TdZ 


H 


H 


H 


Ii 


217 


(1-3) 


Px2* 


rx*r 


DIB J 


* BTal 


H 


" H 


B 


u 
a 


I 216 


(1-4) 


Pr 


Pr 


Ft* 


Ph' 


H 


H 


H 


ii 


219 


(t-4) 


Pd 


Pd 


PV 


Ph* 


H 


H 


H 


H 


220 


(1-4) 


Prl 


Pyi 


tor 


Tnl' 


K 


u 
ii 




H 


221 


(1-4) 


Pa 


Pa 


Tnl' 


Tnl* 


H 


H 


H 


H 


222 


(M) 


Pj2 


Prf 


V 




H 


H 


H 


H 


223 


(M) 


Pi2 


Px2 


Qxl' 


W 


H 


R 


H 


H 


224 


(1-5) 


Fr 


Pr' 


Ph 


Ph* 


H 


H 


H 


H 


22S 


(1-5) 


Fd 


Pr> 


Ph 


Ph* 


« 


H 


H 


II 



14 



EP 1 191 614 A2 



Table 6 



5 


Ex, 
Coihfc>. 


Foirfiuiia 


CyNlJ Cyfc2^ 


cycl 


c: 


YC2 


Rl 


«2] 


R3 A4 






996 
Ml) 


ll-DJ 


Pr 


rr 


Till 




Pb' 


H 


H 


u 


h 




10 


227 


ft-fi) 


Pa 


Pr 1 


Ph 


Ph 1 


H 


U 


H 


H 






99 D 




H 


rr 


Tnl 


Ph' 
ru 


H 


U 


H 


U 




15 




990 


vl*DJ 


Pi 


Pr* 

rr 


T&2 


Pb' 


u 


H 


H 


H . 






Z30 


(Hi) 


Pr* 


nJ 

rr 


Ph' 


Ph 0 


H 

u 


H 




H 






231 


(l-€) 


Pa' 


ra 


Ph' 


ro 


II 


H 


H 


H 




20 






Pi J 






Ph' 




Ph' 

KM 


u 

R 


H 


H 


H 






233 


(1-2) 


Pr 


rr 


Pb 


ro 


If 
B 


OCH 


3 


(1 


K 






234 


(1-2) 


Pr 


rr 


Ph 


Ph 


^3 


M 

n 


H 


H 




25 


235 


(1-2) 


Pr 


rr 


Ph 


Ph 


if 

n 


OCF3 


D 


K 






236 


U-Z) 


Pr 


Da* 

rr 


Pb 


Ph 
ru 


JJ 


f 


H 


U 






999 


/1 _9\ 

U-2) 


Pr 


rr 


Ph 


Ph 
i ft 


9 

» 


u 


H 


K 




JO 


238 


/4 OX 

(1-2) 


Pr 


rr 


Ph 


Ph 

r* 


n 


C2H5 


H 


fl 






239 


(1-2) 


Pr 


Pr 


Ph 


n 


C2H5 


u 


H 


H 






240 


(1-2) 


Pr 


Pr 


Ph 


Pb 


H 


11 


H 


CH3 




35 


241 




Pr 


Pr 


Ph 


Pb 


H 


fl 


H 










\l Cj 


1* 


Pr 


Ph 


Ph 


u 


~H 


H 


OCH3 






243 


(1-2) 


Pr 


Pr 


Ph 


ph 


u 
n 


H 


H 


P 




40 


244 


(1-2) 


Pr 


Pr 


Ph 


Pb 


U 


H 


K 


N02 






245 


(1-2) 


Pr 


? r . 


Pb 


Pb 


u 


H 


N02 


H 




45 


246 


(1-2) 


Pr 


Pr 


Pb 


Pb 


u 


11 


H 


CH3CH5 
CIJCH2CH 


3 - 




247 


(1-2) 


Pr 


Pr 


Ph 


Pb 


H 


U 


H 


CH 3 C=CH2 CH 3 




24ft 


(1-2) 


Pr 


Pr 


Ph 


Pb 


H 


U 


H 


CF3 




50 


249 


(1-2) 


Pr 


Pr 


Ph 


Pb 


H 


u 


K 


OOOC2H5 






250 


(1-2) 


Pr 


Pr 


Ph 


Pb 


H 


H 


U 


00003^ 





15 



EP 1 191 614 A2 



Table 7 



Ex. 
Cdmp. 


Formula) C3 


rNl] CyN2j CyCl) CyC2J 


1 

Rl J I 


1 

R2 J F 


13 J R4 

y 




251 


(1-2) 


Pr 


Pr 


rfc 




H 
n 


H 


CH 3 


11 




2S2 


(1-2) 


Pr 


Pr 


Pb 


rn 


a 
n 


H 


r 


H 




253 


(1-2) 


Pr 


Pr 


Ph 




It 
It 


H 


OCH3 


H 




2W 


(1-2) 


Pr 


Pr 


Ph 


Ph 


M 

H 


H 


H 


SCH3 




2S5 


(1-2) 


Pr 


Pr 


Tnl 


Tnl 


cr 
ft 


ft 


8 


Si(CH 3 ) B 




256 


(t-2) 


Pr 


Pr 


Till 


Tnl 


n 

n 


B 


fl 


CH3 




2S7 


(1-2) 


Pr 


Pr 


Tnl 


Tnl 


ir 

u 


H 


R 


OCH 3 




258 


(1-2) 


Pr 


Pr 


Tttl 


Itol 


n 
H 


H 


fl 


r 




2S9 


(i-2) 


Pr 


Pr 


Tnl 


Tnl 


It 

H 


H 


6 


CF3 






(\-9\ 
\l-£J 


IT 


Pr 

rr 


Tnl 


Tnl 


R 


H 


H 


C 3 H 7 




261 


(1-2) 


Pr 


Pr 


Tni 


Tnl 


r 


H 


K 


H 




262 


(1-2) 


Pr 


Pr 


Tnl 


Tnl 


K 


CH 3 


V 

n 


U 

n 




263 


(i-2) 


Pr 


Pr 


Tal 


Tnl 


K 


OCH3. 


B 


H 




264 


(1-2) 


Pr 


Pr 


Tnl 


Tnl 


H 


CF3 


H 


H 




26S 


(W) 


Pr 


Pr 


PtL' 


Ph* 


u 


H 


OCH 3 


OCH 3 




266 


(1-6) 


Pr' 


Pr' 


Ph' 


Ph' 


H 


H 


OCH3 


B 




267 


(W) 


Pa' 


n* 


Ph' 


IV 


B 


*K 


OCH 3 


R 



[0061] Of the metal coordination compound preferably having the above-mentioned formulas (1 -1) to (1 -6), 
formulas (1-1) and (1-2) may, e.g., be synthesized through the following reacton schemes. 
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(1-1) 

c: 

CyC2-Br CyC2-Li * 



CyCl-Br CyCl-Li ^.^^^ 



CfCl^^Hsh) tyN1 _ CyN2 
CyC2^ A ' > 

CyClv ^ CyNl 
CyC2^ ^ CyN2 



(1-2) 



Br-CyN 

(CyC-B(OH) 2 ? CyC-CyN) 



CyN 

cis-PtCl 2 [(C 2 H 5 ) 2 S] 2 + 2X J, y( , 



CyNl^ / CyN2 
CyCl ^CyC2 



[0062] Hereinbelow, the present invention will be described more specifically based on Examples with reference to 
the drawing. 

Examples 1-11 

[0063] In these examples, the following metal coordination compounds (Pt complexes) 1-11 were used In respective 
luminescence layers for Examples 1 - 11 , respectively. 

Compound 1 
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Compound 6 
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H3CO 
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Compound 9 
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[0064] Each of luminescence devices having a structure shown in Figure 1 B were prepared in the following manner. 
[0065] On a glass substrate (transparent substrate 1 5), a 1 00 nm-thick film (transparent electrode 1 4) of ITO (indium 
tin oxide) was formed by sputtering, followed by patterning to have an (opposing) electrode area of 3 mm 2 . 
[0066] On the ITO-formed substrate, three organic layers and two metal electrode layers shown below were succes- 
5 sively formed by vacuum (vapor) deposition using resistance heating in a vacuum chamber (1 0* 4 Pa). 

Organic layer 1 (hole transport layer 13) (40 nm): a-NPD 

Organic layer 2 (luminescence layer 1 2) (20 nm): mixture of CBP:Pt complex (metal coordination compound) (95: 
5 by weight) 

10 Organic layer 3 (electron transport layer 16) (30 nm): Alq3 

Metal electrode layer 1 (metal electrode 11) (15 nm): Al-Li alloy (Li = 1 .8 wt. %) 
Metal electrode layer 2 (metal electrode 11) (100 nm): Al 

[0067] Each of the thus-prepared luminescence devices was taken out of the vacuum chamber and was subjected 
15 to a continuous energization test in an atmosphere of dry nitrogen gas stream so as to remove device deterioration 
factors, such as oxygen and moisture (water content). 

[0068] The continuous energization test was performed by continuously applying a voltage at a constant current 
density of 70 mA/cm 2 to the luminescence device having the ITO (transparent) electrode (as an anode) and the Al 
(metal) electrode (as a cathode), followed by measurement of luminance (brightness) with time so as to determine a 
20 time (luminance half-life) required for decreasing an initial luminance (80 - 120 cd/m 2 ) to 1/2 thereof. 
[0069] The results are shown in Table 8 appearing hereinafter. 

Comparative Example 1 

25 [0070] A comparative luminesceice device was prepared and evaluated in the same manner as in Example 1-11 
except that the Pt complex (metal coordination compounds 1 - 11) was changed to Ir-phenylpyrimidine complex (Ir 
(PPy)3) shown below. 



30 
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40 

[0071] The results are shown In Table B below. 
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[0072] The luminescence devices using the metal coordination compounds 3, 5, 6, 7 and 11 caused red lumines- 
cence and the luminescence devices using the metal coordination compounds 2 and 4 caused orange luminescence. 
Further, the luminescence devices using the metal coordination compounds 1 and lr(ppy) 3 caused green luminescence. 

5 Example 12 (Synthesis of Compound 2) 

[0073] 



10 



15 



cis-RCl 2 [(C 2 H 5 ) 2 S] 2 + 




[0074] In a 3 liter-three necked flask, 1 4.6 g (90.6 mM) of 2-(2-thienyl)pyridine and 91 2 ml of anhydrous ether were 
20 placed and stirred at -70 °C or below in an argon gas stream. To the mixture, 62.2 ml (99.5 mM) of 1 .6M-t-butyllithium 
solution in pentane was added dropwise in ca. 35 min. ( followed by stirring at -70 °C for 40 min. At that temperature, 
a suspension of 8.5 g (1 9.0 mM) of cis-PtCytCgH^ in a mixture solvent of 289 ml of anhydrous ether and 73 ml 
of tetrahydrofuran (THF) was added dropwise in ca. 1 hour to the resultant mixture, followed by stirnng at -70 °C for 
30 min. and gradual temperature rise up to 0 *C in ca. 2 hours. To the reaction mixture, 91 2 ml of water was gradually 
25 added dropwise at 0 °C. The organic layer was washed with common salt aqueous solution and the aqueous (water) 
layer was subjected to extraction with methylene chloride. The resultant organic layer (from the organic and aqueous 
layers) was dried with anhydrous sodium sulfate, followed by distilling-off of the solvent to obtain a residue. The residue 
was recrystallized from a mixture solvent (hexane/methylene chloride) to obtain 4.50 g of cis-bis[2-(2-thienyl)pyndi- 
nato-N.C*! platinum (II) (Yield: 45.8 %). 
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Example 13 (Synthesis of Compound 5) 
[00751 




[0076] In a 1 liter-three necked flask, 26.6 g (1 68.5 mM) of 2-bromopyridine, 30.0 g (1 68.5 mM) of benzo[b]thiophene- 
2-boronic acid, 1 70 ml of toluene, 85 ml of ethanol and 1 70 ml of 2M-sodium carbonate aqueous solution were placed 
45 ' and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 6.18 g (5,35 mM) of tetrakis 
(triphenyl-phosphine) palladium (0) was added, followed by heat-refluxing for 5.5 hours under stirring in nitrogen gas 

stream. • 
[0077] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
so reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: 

toluene/hexane = 5/1 ) to obtain a colorless crystal . The crystal was purified by alumina column chromatography (eluent: 
toluene) and recrystallized from ethanol to obtain 12.6 g of 2-(pyridine-2-yl)benzo[b]thiophene (Yield: 35.4 %). 
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5 cis-RCl 2 [(C 2 H 5 )2S]2 + 2X 

10 




[0078] In a 3 liter-three necked flask, 6.73 g (31 .9 mM) of 2-(benzo[b]thiophene-2-yl)pyridine and 636 ml of anhydrous 
ether were placed and stirred at -70 °C or below in an argon gas stream. To the mixture, 21 .9 ml (35.0 mM) of 1 .6M- 

15 t-butyllithium solution in pentane was added dropwise in ca. 20 min., followed by stirring at -70 °C for 50 min. At that 
temperature, a suspension of 2.97 g (6.68 mM) of cis-PtCI 2 [(C 2 H 5 ) 2 S]2 in a mixture solvent of 101 ml of anhydrous 
ether and 25 ml of tetrahydrof uran (THF) was added dropwise in ca. 30 min. to the resultant mixture, followed by stirring 
at -70 °C for 1 hour, and gradual temperature rise up to 0 °C in ca. 2 hours. To the reaction mixture, 318 ml of water 
was gradually added dropwise at 0 °C. The organic layer was washed with common salt aqueous solution and the 

20 aqueous (water) layer was subjectedto extraction with methylene chloride. The resultant organic layer (from the organic 
and aqueous layers) was dried with anhydrous sodium sulfate, followed by distilling-off of the solvent to obtain a residue. 
The residue was recrystallized from a mixture solvent (hexane/methylene chloride) to obtain 3.1 0 g of cis-bis[2-(benzo 
[b]thiophene-2-yl)pyridinato-N,C 5 } platinum (II) (Yield: 75.4 %). 

25 Example 14 (Synthesis of Compound 3) 

[0079] 
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35 




(A) 

40 

[0080] In a 3 liter-three necked flask, 35.0 g (1 1 2 mM) of 2,2 , -dibromobiphenyl and 650 ml of anhydrous ether were 
placed and stirred at -60 °C or below in an argon gas stream. To the mixture, 153 ml (0.245 mM) of 1 .6M-n-butyllithium 
solution in pentane was added dropwise in ca. 50 min., followed by temperature rise and stirring at room temperature 
for 3 hours. To a suspension of 25.0 g (56.0 mM) of cis-Ptcy^HsfeSfe in 833 m! of anhydrous ether cooled and kept 

45 at -10 °C or below, the resultant mixture was added dropwise in ca. 10 min., followed by stirring at -10 °C for 1 hour 
and gradual temperature rise up to 0 °C. To the reaction mixture, 417 m! of water was gradually added dropwise at 0 
°C. The organic layer was washed with common salt aqueous solution and the aqueous (water) layer was subjected 
to extraction with methylene chloride. The resultant organic layer (from the organic and aqueous layers) was dried with 
anhydrous sodium sulfate, followed by distilling-off of the solvent to obtain a residue. The residue was successively 

so recrystallized from a mixture solvent (hexane/ether) and a mixture solvent (hexane/methylene chloride) to obtain 1 .77 
g of a compound (A) (Yield: 7.2 %). 
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(A) 



(B) 



[0081 1 In a 1 00 ml-three-necked flask, 21 .3 g (1 36 mM) of 2,2'-dipyridyl was placed and melted at 80 "C in an argon 
gas stream followed by addition of 1 .73 g (1 .9B mM) of the above-prepared compound (A). The mixture was stirred 
at 80 °C for 10 min under reduced pressure and cooled to ca. 10 "C to crystallize the mixture. The crystallized mixture 
was dissolved in methylene chloride and thereto, hexane was added to reprecipitate a crystal. The crystal was recov- 
ered by filtration, followed by recrystallization from a mixture solvent (hexane/methylene chloride) to obtain 1.90 g of 
an objective compound (B) (Yield: 95.4 %). 

Examples 15-20 (Synthesis of Compounds 1, 4, 6, 7, 8 and 11) 

[0082] Compounds 1 , 4, 6, 7, 8 and 1 1 were prepared in a similar manner as in Example 1 2, respectively. 
Examples 21 and 22 (Synthesis of Compounds 9 and 1 0) 

[0083] Compounds 9 and 1 0 were prepared in a similar manner as in Example 1 4, respectively. 
[0084] As described hereinabove, according to the present invention, the metal coordination compound (Pt complex) 
preferably having the formulas (1-1) to (1 -6) according to the present invention has a higher phosphorescence lumi- 
nescence efficiency and a shorter phosphorescence life, thus being suitable as a luminescence matenal for an EL 

d&VICG 

[0085] The luminescence device (EL device) using the metal coordination compound according to the present in- 
vention allows a high-efficiency luminescence at a high luminescence for a long period of time while minimizing lumi- 
nescence deterioration in energized state. 

[0086] A luminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The organic compound layer contains a metal coordination compound characterized by having 
a partial structure represented by the following formula (1): 



pt 



(1), 



wherein each of N and C represents an atom constituting a cyclic group. 



Claims 

1 . A luminescence device, comprising: an organic compound layer comprising a metal coordination compound having 
a partial structure represented by the following formula (1 ): 



N 



(1), 



wherein each of N and C represents an atom constituting a cyclic group. 
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A device according to Claim 1 , wherein the metal coordination compound is represented by any one of the following 
formulas (1-1) to (1-6): 

CyN1 __CyH2 
CyCl^ — >CyC2 



CyNl\ XyCl 

| PtCl d-2), 
CyCl^ CyC2 



CyNl^ ^CyN2 

PtlT (1-3), 
CyCl< CyC2 



CyCl^ ^ CyC2 



CyNl^ ^-CyM2 
CyCl^ ^CyC2 



CyNl\ CyN2 

Pt"^ (1-6), 
CyCl"" N CyC2 

wherein CyN1 and CyN2 independently denote a cyclic group containing a nitrogen atom connected to Pt and 
capable of having a substituent, and CyC1 and CyC2 independently denote a cyclic group containing a carbon 
atom connected to Pt and capable of having a substituent, each of the substituents for CyN1 , CyN2, CyC1 and 
CyC2 being selected from the group consisting of a halogen atom; nitro group; a trialkylsilyl group containing three 
linear or branched alkyl groups each independently having 1 • 8 carbon atoms; and a linear or branched alkyl 
group having 1 - 20 carbon atoms capable of including one or at least two non-neighbonng methylene groups 
which can be replaced with -0-, -S-, -CO-, -CO-0-, -O-C0-, -CH=CH- or -OC-and capable of including a hydrogen 
atom which can be replaced with a fluorine atom. 

3. A device according to Claim 2, wherein the metal coordination compound is represented by the formula (1 -1 ) or 
the formula (1-2). 
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4. A device according to Claim 2 or 3, wherein at least one of CyN1 and CyN2 in the formulas (1-1) to (1-6) is a 
substituted or unsubstituted cyclic group having a ring structure selected from the group consisting of pyridine, 
pyrimidine, pyrazoline, pyrrole, pyrazole, quinoline, isoquinoline, and quinoxaline. 

5. A device according to any one of Claims 2-4, wherein at least one of CyC1 and CyC2 in the formulas (1 -1 to (1-6) 
is a substituted or unsubstituted cyclic group selected from the group consisting of phenyl, naphthyl, thienyl, ben- 
zothienyl, and quinolyl. 

6. A device according to any one of Claims 1 -5, further comprising apairof electrodes oppositely disposed to sandwich 
the organic compound layer, wherein a voltage is applied between the pair of electrodes to cause luminescence. 

7. A metal coordination compound, adapted for use in a luminescence device, having a partial structure represented 
by the following formula (1): 



wherein each of N and C represents an atom constituting a cyclic group. 
8. A compound according to Claim 7, which is represented by any one of the following formulas (1 -1 ) to (1 -6): 




(1). 



CyNl 



CyCl 




-p CyN2 
— CyC2 



CyNl \ 



CyCl 
I 

CyC2 



d-2). 



CyCl ' 




(1-3), 




(1-4), 
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CyNl\ >CyN2 
CyCl""" ^CyC2 



(1-5), 



CyNi x 




CyN2 



(1-6), 



CyCl 



CyC2 



wherein CyN1 and CyN2 independently denote a cyclic group containing a nitrogen atom connected to Pt and 
capable of having a substituent, and CyC1 and CyC2 independently denote a cyclic group containing a carbon 
atom connected to Pt and capable of having a substituent, each of the substituents for CyN1 , CyN2, CyC1 and 
CyC2 being selected from the group consisting of a halogen atom; nitro group; a trialkylsilyl group containing three 
linear or branched alkyi groups each independently having 1 - 8 carbon atoms; and a linear or branched alky! 
group having 1 - 20 carbon atoms capable of Including one or at least two non-neighboring methylene groups 
which can be replaced with -O-, -S-, -CO-, -CO-0-, -0-CO-, -CH=CH- or -C^C-and capable of including a hydrogen 
atom which can be replaced with a fluorine atom. 

9. A compound according to Claim 8, which is represented by the formula (1-1) or the formula (1-2). 

10. A compound according to Claim 8 or 9, wherein at least one of CyM and CyN2 in the formulas (1-1) to (1 -6) is a 
substituted or unsubstituted cyclic group having a ring structure selected from the group consisting of pyridine, 
pyrimidine, pyrazoline, pyrrole, pyrazole, quinoline, isoquinoline, and quinoxaline. 

11. A compound according to any one of Claims 8-10, wherein at least one of CyC1 and CyC2 in the formulas (1-10 
to (1 -6) Is a substituted or unsubstituted cyclic group selected from the group consisting of phenyl, naphthyl, thienyl , 
benzothienyl, and quinolyl. 
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FIG. IA 
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i r 



















.11 

.16 

-17 

12 
13 



-15 



FIG. IC 



27 



(19) 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



I 



(id 



111 

EP1 191 614 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

18.06.2003 Bulletin 2003/25 

(43) Date of publication A2: 

27.03.2002 Bulletin 2002/13 

(21) Application number 01122939.0 

(22) Date of filing: 25.09.2001 



(51) int CI7: H01L 51/20, H05B 33/14, 
C09K 11/06, C07F 15/00 



(84) 


Designated Contracting States: 


• Okada, Shinjlro 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tokyo (JP) 




MC NL PTSETR 


• Takiguchi, Takao 




Designated Extension States: 


Tokyo (JP) 




AL LT LV MK RO SI 


• Moriyama, Takashi 






Tokyo (JP) 


(30) 


Priority: 26.09.2000 JP 2000292491 


• Kamatani, Jun 


19.09.2001 JP 2001284601 


Tokyo (JP) 


(71) 


Applicant: CANON KABUSHIKI KAISHA 


(74) Representative: 


Ohta-ku, Tokyo (JP) 


Leson, Thomas Johannes Alois, Dipl.-lng. 




Tiedtke-BQhling-Kinne & Partner GbR, 


(72) 


Inventors: 


TBK-Patent, 


• 


Tsuboyama, Akira 


Bavariaring 4 




Tokyo (JP) 


80336 Mtinchen (DE) 


• 


Mizutanl, Hldemasa 






Tokyo (JP) 





(54) Luminescence device and metal coordination compound therefor 

(57) A luminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The organic compound layer contains a metal coordination compound characterized by having 
a partial structure represented by the following formula (1): 



N 



(1), 



CO 

< 
5 



wherein each of N and C represents an atom constituting a cyclic group. 



CL 

LU 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 191 614 A3 



European Patent PARTIAL EUROPEAN SEARCH REPORT Application Number 

Office whlohunder Rule 45 ol the European Patent Convention EP 01 12 2939 

shall be considered, for the purposes of subsequent 
proceedings, aB the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCL7) 



p.x 



D,A 



WO 90 57676 A (UNIV SOUTHERN CALIFORNIA) 
28 September 2600 (2000-09-28) 

* page 17, Scheme 1, compounds Pt(Phpy)2, 
Pt(Thpy)2, and Pt(Bhq)2, claims * 

BALD0 M A ET AL: "VERY HIGH-EFFICIENCY 
GREEN ORGANIC LIGHT-EMITTING DEVICES BASED 
ON ELECTROPHOSPHORESCENCE" 
APPLIED PHYSICS LETTERS, AMERICAN 
INSTITUTE OF PHYSICS. NEW YORK, US, 
vol. 75, no. 1, 5 July 1999 (1999-67-05), 
pages 4-6, XPOOO850655 
ISSN: 0003-6951 

* the entire document * 



1-11 



1-11 



H01L51/20 
H05B33/14 
CO9K11/06 
C07F15/00 



US 6 097 147 A (O'BRIEN DIARMUID F 
1 August 2000 (2000-08-01) 
* the entire document * 



ET AL) 



1-11 



INCOMPLETE SEARCH 



Ths Search Division consider, thai Hie present ^plkwbon, or one or more of Us otalrra, does/do 
not eorrply with the EPC to suoh an HUM that a meaningful search Into the state ofthe art oarmot 
be carried out, or can only be carried out partially, far these claims. 

Claims searched completely : 
Claims searched incompletely : 
Ctafcra not searched: 
Reason for the limitation of the search: 

see sheet C 



TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 



H01L 

H05B 
C09K 
C07F 



Place of March 

MUNICH 


Dai a of completion at th» watch 

3 April 2003 


Nemes, C 


CATEGORY OF CITED DOCUMENTS 

X : particularly rebvant if taken alone 

Y : particularty relevant if combined with anot 

document of the same category 
A : technological background 
0\ non-written disclosure 
P : intermediate dooument 


T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 
after the filing date 
her D : document cited in the application 
L: document cited for other reasons 


& : member of the same patent family, corresponding 
document 



2 



EP 1 191 614 A3 




European Patent 
Office 



INCOMPLETE SEARCH 
SHEET C 



EP 01 12 2939 



Application Number 



Claim(s) searched completely: 



Claim(s) searched incompletely: 
1-11 



Reason for the limitation of the search: 

Present claims 1-11 relate to an extremely large number of possible 
compounds/apparatus. Support within the meaning of Article 84 EPC and 
disclosure within the meaning of Article 83 EPC is to be found, however, 
for only a very small proportion of the compounds/apparatus claimed. In 
the present case, the claims so lack support, and the application so 
lacks disclosure, that a meaningful search over the whole of the claimed 
scope is impossible. Consequently, the search has been carried out for 
those parts of the claims which appear to be supported and disclosed, 
namely those parts relating to the compounds/apparatus wherein the metal 
coordination compound is used in a device. 



3 



EP1 191 614 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 81 12 2939 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Offioe is in no way liable for these particulars which are merely given for the purpose of information. 

03-04-2003 



PeStmi document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 



WO 0657676 



28-09-2000 



AU 
BR 
CN 
EP 
JP 
WO 
US 
US 



3908460 
0009215 
1350768 



1181842 Al 
2662540572 T 

0057676 Al 
2003017361 Al 
2002034656 Al 



US 6097147 



01-08-2000 



AU 
EP 
JP 
WO 
US 
US 



5921699 A 
1116417 Al 
2002525808 T 
0016593 Al 
2003017361 Al 
2OO2034656 Al 



u. 

§ For more details about'thb annex : see Official Journal of the European Patent Offioe, No. 12/82 



09-10-2O0O 
16-04-2002 

22- 65-2002 

27- 02-2082 
26-11-2002 

28- 09-2000 

23- 01-2003 
21-03-2002 



03-04-2000 
18-07-2001 
13-08-2002 
23-03-2000 
23-01-2003 
21-03-2002 



4 



